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INTRODUCT ION

Aqueous coal disperslons play a major role from mining to the utili-
zatlon of coal. The propertles of these disperslions, such as stablil ity
towards aggregatlon, rheotogy, etc., are controlled by two major factors,
namely, the particle slze and Interfaclal chemistry, The Interfaclal
chemistry Is controlled by the Interactlons of the coal surface with the
aqueous phese.

Coal surface-aqueous phase Interactlions are controlled by rank,
mineral content, surface functlonal groups, pore structure, adsorption, pH,
fonlc strength, etc. These Interactions can be probed using electrokinetic
techniques (1-11). Electrok Inetic technlques presently used to Investligate
aqueous coal dlsperslions Include microelectrophoresls and streaming
potentlal (12)., Although both of these techniques are Invaluable to study
coal surface Interactlons they cannot be used for process condltlon
disperslons, As a result, questlonable extrapolatlons to process condlitlons
must be performed.

Below, we describe a new electrok Inetic technique that utllizes ultra-
sonlcs and preliminary data on the application of this technique to coal
disperslons. The advantage of ultrasonics are (1) virtually any particle
slze can be used from lons to aggregates, (11) any concentration of the
dispersed phase can be used from the ppm range to voiume fliling networks,
(i11) samples can be optically opague or photosensitive, and (iv) measure-
ments can be made on flowlng systems,

THEORY

In 1933, Debye (13) predicted that subjectIng an electrolytic solution
to @ sound wave of ultrasonlc frequencles would result In an alternating
potentlal, the IVP or lon vibretion potentlal, having the same frequency as
the sound wave. The potentlal Is detected with two electrodes placed normal
to the sound propagatlon separated by a phase dlstance other than an
Integral muitiple of the wavelength; the optimum separation belng
(2n+1) A/2. The basls of the "Debye effect” is that the effectlve masses
and frictlonal drag coefflcients of anlons and catlons are different due to
composlition and solvation, These dlfferences result In different degrees of
displacement amplitude and phase. The relatlive dlsplacement of anion and
catlon produces a separation of charge centers creating a vibrating dipole.
The orlginal theory of Debye has since been modifled (14) and experi-
mentally verifled, a review of which can be found In reference (15),

In 1938, Hermans (16) and Rutgers (17) reported an effect simllar
to the Debye effect when ultrasonic waves were propagated through a
colloldal dispersion. In contrast to the 1VP where the dlsplacement of anlon

357



and catfon produce an alternating potential, the relatlive displacement of a
charged particle from Its surrounding "lon atmosphere" Induces the
potential termed the collold vibration potentlal or CVP., Since this time
many coiloidal systems have been Investigated qualitatively using thls
technlque (18-23). The flrst quantitative measurements were performed by
Marlow et al (24) where the dllute theory of Enderby and Booth (25,26) Is
verlfled and extended to concentrates using the Levine et al (27) cell
modei theory.

Pictorially, the mechanism of the CVP Is shown In Flgure 1. To under-
stand the mechanism of the CVP It Is useful to polint out that the CVWP Is
analogous to the sedlImentation potential or Dorn effect (28) and reflects
the same Intrinslc phenomena. Flgure 1a shows a charged colloldal particle
at rest with Its accompanyling "lon atmosphere™ of "thlickness" 1/k. If thlis
particle Is acted on by a gravitational fleld as shown In Figure 1b, the
fon atmosphere Is perturbed from equ!l!brium resulting In polarization and
the formation of a statlc dipole. In contrast, 1f the particle Is acted on
by an acoustic fleld as shown In Figure Ic, a dynamic or vibrating dipote
results, It Is Important to point out that In the Dorn effect the particle
Is caused to move relative to the medium but In the acoustic effect both
particle and medlum move and It Is the relatlve motlon that produces the
effect,

As with the sedimentatlion potentlal, the acoustically produced dipole
results In a potentlal that Is Immeasurably small for a single particle but
a macroscoplc measurable potentlal results In a swarm of particles such as
In a collold. Flgure 2 shows the general technique used to measure the CVP.
Two Inert metal electrodes A and B are placed normal to the sound
propagation and spaced at one-half a wavelength,

The relationship between the measured CVP and pertinent
electrokinetic parameters for dllute aqueous disperslons ($<1) can be
expressed a

Xp d as (24) . 2P (pl_ °) €ODC
vp Ay e n [1]
where P 1s the sound pressure ampiltude, $ the volume fraction of
particles, A, the conductlivity of the medlum, P, the particle density, p,
the medlum density, €, the permlitivity of free space, D the dimensioniess
dlelectric constant, Z the zeta or electrokinetlc potential, and n the
viscosity of the medium. Normallzing the CVP for P,A; , ¢ , and (pz-pl)/p1
leads to an acoustic moblilty AM haviIng the same unlits as the e!ectro-
phoretic mobl!ity EM, I.e.,

CVPA e,z

M = = = 2
A Polo,-p Vo, T EM (m"/V¢)

21

Thus, measurements of the CVP, P, and A, as well as knowledge of the
relative particte denslity and concentration leads to the same Information
as obtalnable from electrophoresls. '
In concentrated dispersions particle~particle hydrodynamic and
electrical Interactlons occur, Applying the Levine et al (27) cell model
theory of the Dorn effect to the CVP results In an Interaction parameter
F(xa,$) on the right hand side of equation [1] where a represents the
electrokinetic radlus or the particle slize a dlvided by the "thickness" of
the lon atmosphere. Figure 3 shows a plot of the Interactlon parameter
F(ka,9) as a function of ¢ for the case where ca >> 1 and a > 0.5 um
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which wil| Invariably be the case In aqueous coal disperslons. Thus,
Instead of the CYP Increasing linearly withé as predicted by the dilute
theory, the CVP will iInltlally rise |inearly and then gradually level off
and go through a maximum.

EXPERIMENTAL
Materials

A bltuminous coal used as a reference sample In prevlious work (29-32)
obtalned from General Motors Corporatlon was used In thls work, The coal
was alr ground to 100% minus 200 mesh and stored In a sealed contalner. The
ash content was 4,8%.

The water used was distllled and lon exchanged and had a speciflc
volume conductlivity of 2E~4 S/m, Solutlon acldity and alkallnlty was
adJusted with 1N KOH or 1N HC! obtained standardized from Flsher Sclentiflic
Company .

Methods

Aqueous coal dlsperslons were prepared by first outgassing the
deslred quant ity of coal at 30 C under vacuum. The deslired quantity of
distilled water was then added by back fIllIng under vacuum. The samples
were then rolled In polyethylene contalners for 24 hr on a mili, Flve
disperslons were prepared, namely, 0,04, 0.1, 0.2, 0.3, and 0.4 welght
percent coal.

Acoust Ic measurements were performed with the Pen Kem System 7000
Acoustophoretic (tm) Tltrator. The System 7000 measures the CVP, P, A , pH,
T, and titrant volume accurate to 1 microlliter, All measurements were
performed at 25 C. A description of the apparatus can be found In reference
(24). All pH titrations were performed by starting at the equllibrated pH
and addIng acld to one al Iquot of sample and then base to another al Iquot
of sample and then comblining the data,

Electrophoretic mobll Ity measurements were performed with the Pen Kem
System 3000 Automated Electrok Inetics Analyzer some of which are reported
In reference (11).

RESULTS AND DISCUSSION

The dependence of the CVP on GM coal concentration for a pH adjJusted
to 6.2 Is shown In Figure 4, The CVP Inltlally rises |lnearly with concen-
tration and then levels off and goes through a maxIima at a coal concentra-
tlon of 30% by volume. Also shown In Figure 4, are the calculated values
based on the dllute theory and cell model. These values were calculated by
usIng measured values of the dlsperslons supernatant conductlvity, particle
denslity 1.22 g/cm , and the particles electrophoretic mobliltles determined
by sampiing the supernatant of the settled disperslons, all of which are
glven In Table 1. The high supernatant conductlivities are the result of
both dissolutlon of material from the coal and electrolyte added to adjust
the pH to 6.2. The correlations shown In Figure 4. show good agreement
between experiment and theory. Thus, ultrasonic electrokinetic measurements
can be applled to concentrated coal dispersions to obtaln meaningful Infor-
mat lon about the electrok Inetlc propertlies of the dlispersion.

Flgure 5. shows a plot comparing both electrophoretic and acoustic
moblllties as a functlon of pH for GM coal., The acoustic mobli{tles were
obtalned at a particle concentration of 4% whereas the electrophoretic
mobll1t+les were obtalned by adding a few drops of thls dispersion to a
solutlon of the desired pH (11). Thus, the acoustic mobllItles are
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determined wlth an aqueous phase contalning any leached materlals whereas
the electrophoretic data Is taken wlth approximately a 200-fold dilution In
the leached materfals.

Good agreement Is shown between electrophoresls and ultrasonics as
shown In Figure 5 Irrespective of the seemingly different preparation
techniques, The mobllity ts positive below a pH=5.8, the Isoelectric polnt
lep, and negative above thls pH. Most researchers belleve the negatlive
potential at high pH Is the result of the dissoclation of carboxyllics,
phenolics, etc. on the coals surface (3,11) or alternatively due to the
adsorption of metal hydroxides formed from the mineral present in coal (2),
A positive potentlal below the Isoelectric polnt Is described as the result
of protonation of the acld groups on the surface of the coal (10), the
adsorption of catlons (6), or the adsorption of hydronlum lons (11).

Flgure 6. shows a plot of the acoustic mobilitles of GM coal as a
functlon of pH at two particle concentratlions, namely, 0.04 and 0.40% by
volume. The behavlor In the concentrated dispersion no longer resembles
that obtalned In the dllute dispersion. The mobllitles at the higher
concentratlon are generally lower, the Isoelectric point Is shifted to a
significantly lower value, and maxima and minlma are seen at high and low
pH.

We belleve that the concentratlon effect shown In Flgure 6. results
from the fact that In the concentrated dlispersion the equllibrated super-
natant conductivity Is greater than In the dllute case. Thus, In the
concentrate signlficantly more materlal Is leached from the coal pores and
surface. As a result, the double layer Is compressed In the concentrate and
the potentials accordingly lowered. Also, the dissolved materlals of the
coal become "spec|flcally® adsorbed.

A shift to a lower pH as well as a maxima and a reversal of potentlal
with lowering pH as shown In Figure 6. results from the chemlsorption of
anlons (12), A maxima and reversal at high pH also seen In Fligure 6. Is the
result of the adsorptlion of catlons (12). Thus, In concentrated aqueous
coal dlspersions devlation of the electroklnetic properties from ppm
studles wlll be sligniflicant. The deviatlons are the result of chemlcally
adsorbed anlons at low ph values and adsorbed catlons at higher ph values.
The adsorbed materlals are produced from leaching of the coal surface and
pores wlth subsequent deposition.

We belleve that the results descrlibed above show that the appllication
of ultrasonlc electroklnetlic techniques to aqueous coal dlispersions will
be of great practical signliflcance In the future when attempting to charac-
terlze charged coal particles In concentrates.
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Table 1. Comparison of cell model calculatlons of the CVP and
experiment as a functlion of GM coal concentration at

a ph=6.2,
Coal Volume EM (m2/Vs) -CVP(mV)
Fractlon x10° 2, (S/m)  F(ka,¢) Exp. Cal.
0.04 -1.00 0.18 0.95 0.016 0.019
0.10 -0.97 0.18 0.88 0.049 0.042
0.20 -0.97 0.19 0.75 0.072 0.067
0.30 -0.96 0.21 0.63 0.074 0.078
0.40 -0.95 0.24 0.51 0.072 0.069
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Figure 1. Mechanism of Dorn effect and CVP
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Figure 4. CVP as a tunction of coal concentration
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Figure 5.

Comparison of acoustic and
electrophoretic mobilities for
GM coal.
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